ABSTRACT
INTRODUCTION
small open economy like France is vulnerable to various kinds of shocks from domestic as well as external origin; we quote: shocks on the prices of the imported energy, shocks on foreign exchange rates (or shocks on the terms of trade), shocks of productivity… Empirical analyses on the effects of economic shocks on macroeconomic variables were often carried out using econometric methods especially structural VAR models. However, during the last years, there was an increasing grow of analysis based on simulation methods using dynamic stochastic general equilibrium models.
Indeed, parallel to the methodological renewal initiated by Sims (1980) , VAR modelling, the Eighties were also marked by another theoretical and methodological revival. The first models emerging from this revival, real business cycles models caused a wide controversy.
Our days this controversy seems to be dissipated due to a principal reason, the methodological innovation to which this current of research gave birth: the principle according to which a macroeconomic model must be established by the aggregation of a series of microeconomic problems. This methodological innovation was adopted per many economists belonging to various economic schools of thought and various field of specialization. Works undertook using this methodology make possible the estimation of a large variety of shocks and economic structures.
DSGE Methodology (for Dynamic Stochastic General Equilibrium) generally starts with a complete specification of the model which equations are given according to a programme of intertemporal optimization of a representative agent with rational anticipation (or not). The model parameters are usually calibrated in order to compare the properties of the real data with those drawn from the theoretical model. The model is then simulated in order to assess the shocks effects on the economic activity. The well known DSGE model, considered also as the first model of this kind, is the Real Business cycle Model.
In this paper, we asses the effects and the transmission mechanisms of domestic and external shocks (we take a productivity shock associated to a price imported energy shock) on macroeconomic variables of a small open economy, France, using a DSGE model. Thus, we estimate a DSGE model in an open economy: France. At a starting point, we begin with the study of the cyclical features of the French economy, those of its main trading partners and the USA; this exercise enables us to make comparisons between France and its European neighbours. Once the facts established, we describe our model, its main features, then we solve it, make calibration and check the effects of the exogenous shocks on the economic variables through the response impulse functions and the variance decomposition.
Finally, we make comparison between the model statistical moments of order two and those related to the real facts in order to assess the validity of the model.
CYCLICAL FEATURES OF THE FRENCH ECONOMY, THOSE OF ITS MAIN TRADING PARTNERS AND THE USA
In this section we are interested in the economic business cycle as it was described and defined in the real business cycle theory. Thus, we analyse the join movement of five aggregates obtained from quarterly data: output, consumption, investment, worked hours, and trade balance reported to output.
These series enable us to describe the characteristics of the French economic fluctuations, those of the USA and those of its main trade partners, namely Germany, Spain and Italy. So we use the same method adopted in the real business cycles theory. Indeed, the series will be filtered according to Hodrick-Prescott method, the economic fluctuations features will be highlighted using the statistical moments of order two, a technique used by real business cycle authors to underline the stylized facts. Thus, variability, pro cyclicity and persistence of the cyclical components of variables are respectively measured by the standard deviation, the correlation with economic activity and the auto correlation.
1.1
The French business cycle characteristics The studied data are quarterly, extending from the first quarter 1991 until the second quarter 2004. The data are extracted from the OECD database. The studied data are quarterly extending from the first quarter 1995 until the second quarter 2004. The data are extracted from the OECD database. The data studied are quarterly extending from the first quarter 1981 until the second quarter 2004. The data are extracted from the OECD database.
The Spain Business cycle features

The Italy business cycle features
Description of the results
To comment these tables, we refer to some results highlighted by real business cycle theory. So the standard deviation of output is in general higher than that of consumption and lower than that of investment, a fact confirmed by our results. However, for the consumption which volatility is slightly lower than that of the GDP in France and in the USA (so in agreement with the real business cycle theory), for the remainder sample of countries, the result is in contrast with the theory predictions.
The pro cyclical characteristic of consumption, investment and hours worked (hours worked are only related to the French economy)
1 is well performed, the contra cyclical characteristic of the trade balance too. Indeed, the coefficient of correlation between real GDP, consumption, investment and hours worked is positive, which means that these variables are pro cyclical with the GDP. However, the coefficient of correlation between real GDP and trade balance is negative, thus trade balance is contra cyclical. Our results are conforming to those founded in the main studies dealing with economic fluctuations analysis, especially those of the RBC theory. After having exposed countries stylized facts, particularly those of the France economy. It would be useful to consider what relation the French economy maintains with the remainder countries, so we will try to answer the following questions:
Are there a positive correlation between the French macroeconomic variables and those of the other countries? Are the French business cycle aligned on that of its main trader partners and on that of the USA?
Affirming that the French business cycle is synchronized with that of the remainder countries means that France (as its main trading partners) is probably hit by symmetric shocks.
1.7.
Individual correlation between France and the remainder countries The data are extracted from the quarterly database of OECD.
The results of the table above show that the principal aggregates of the French economy are correlated positively with those of the remainder countries and more particularly with those of its main trading partners belonging to the Economic and Monetary European Union (except for the trade balance).
Our results seem to confirm the business cycles synchronization of the European Monetary Union countries, and thus we can suppose that the States members are affected by symmetrical shocks 2 .
After having described the stylized facts of the French economy in comparison with its neighbour's countries and the USA, we also check the international cross country correlations. In what follows, we will asses the response of the model to the exogenous shocks defined in the beginning of this paper. This exercise will be applied to the French economy; of course we begin by the model specification, checking the steady state solution, and the parameters calibration.
THE MODEL
Specification of the model
Our economy consists on a large number of identical agents, acting as "price takers" in the various markets in which they take part.
Preferences
In the model there are an infinite number of identical households and the representative households maximize the expected value of future utility.  , the fixed factor of discount: it is a preference fixed parameter or preference factor through the time; it evaluates the impatience of individuals for consumption 3 .
 , this parameter measure the utility of consumption relative to the utility of leisure (the disutility of labour).
 , the risk aversion parameter.
The utility function U is supposed to be concave, continuous, differentiable, and satisfies the Inada conditions.
In this specification of utility function, the elasticity of substitution associated to leisure is equal to zero. This utility function was introduced for the first time by Greenwood, Hercowitz and Huffman (1988) 4 , and is largely used in the RBC models in closed as in open economy (Correia et al. (1995) , Crucini (1999) for example). Correia and al. (1995) 5 in their article "Business Cycles in Small Open Economy" compare the dynamic implications of this kind of utility function with the Cobb-Douglas utility function, both with a fixed factor of discount. They found that the Cobb-Douglas utility functions are less powerful than those introduced by GHH (Greenwood, Hercowitz and Huffman), particularly in concern with the volatility of consumption, the contracyclicity of net exports and their relationships to the stylised facts.
Technology
The model describes in this article is a standard dynamic stochastic general equilibrium model of a small open economy, France. The economy is supposed to be a small open economy which means that its behaviours do not influence the rest of the world; the country is considered as a "price taker".
Firms have access to the same techniques of production characterized by a CES production function. They are supposed to produce a single good, the domestic good.
The production function is defined as follows: 3 We can find discount factors described as endogenous; these parameters are often used to mitigate the problem of stationnarity encountered in DSGE models on open economy with imperfect market. For more details the interested reader can refer to the paper of Kim A , an exogenous shock of productivity which we will be described there after.
 , the share of labour in production.
 , represents the elasticity of substitution between capital and energy, this parameter is often higher than one in CES functions of production (constant elasticity of substitution).
The production has a constant elasticity of substitution between capital and imported energy, Cobb-Douglas between these two factors and worked hours.
The single good produced in this economy can be used for private consumption ( Thus the aggregate constraint equation is:
The public expenditure is supposed to be exogenous and is defined as follows:
sg is a constant, it represents the average share of public expenditure in the production 6 .
In term of public expenditure, we follow Correia and al (1995) conclusions. In fact, they considerate that government expenditure and transfers do not generate a significant dynamic in small open economy model with GHH utility function, their effects on economic activity are insignificant. That's why we do not impose any budgetary nor foreign transfers' impulse to our variables 7 .
In the model, households accumulate capital which they rent to firms. At each period, the stock of capital depreciates in rate  and increases with the investment  , is the depreciation rate of capital.
(  .), is the cost of adjustment capital function, it verifies the following conditions: ( This adjustment function is supposed to take the following quadratic form:
We often introduce an adjustment function of capital in dynamic models of small open economy to avoid an excessive volatility of investment in response to the differentials variations of domestic-foreigners interest rates.
External balance
Representative firms have to purchase energetic product at the international energy market, where the price (p) is determined exogenously. Moreover, representative household have the opportunity to buy and sells bonds ( t B ) on a perfectly competitive capital market; the constant international real interest rate is given exogenously. 
It is the assumption of tranversality, the "no ponzi game" assumption. This assumption makes possible the unicity of the equilibrium. 
Stochastic environment
We suppose that there are two exogenous stochastic shocks to which the economy is confronted. These shocks follow an AR (1) process:

The first shocks is a well known supply shocks: the Productivity shock
External exogenous shock: the imported energy shocks. In fact, France is a small open economy which influence on international price of energy is limited. Because of the assumption of a perfect and complet market, and using the representative agent character of our models, we are able to centralize the problem of representative households and competitive firms to a social planer's problem.
The resulting dynamic optimization problem can be solved using a standard Lagrange approach.
The social planner's problem is the following:
We replace t NX , 
And they are described by the following equations:
 is the multiplier of Lagrange associated to constraints As we assume a small open economy model with perfect and competitive market, the neoclassical assumptions are verified; equilibrium and optimum are equivalent, and input factors are paid at their marginal products. Domestic interest rate after depreciation is equal to: 
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And real wage can be obtained as: (13) Replacing t  by its values (equation 6), we will have to solve the following final system of equations:
The social planner problem's is impossible to solve analytically, thus we will adopt an approximation method of the solution around the steady state. This method consists in the linearization of the solution around its deterministic steady state.
The model solution
We have determine the first order conditions of the model, in the other hand we know that the model is impossible to solve analytically, so to find the equilibrium we have to linearize it. To solve the model we have to determine first the deterministic steady state (ie equilibrium without any impulsions). Once the steady state defined, we can loglinearize model's equations around the steady state.
The steady state:
The deterministic steady state is defined as the long term equilibrium which can be reached by the system in absence of any random shocks. (3) in static state, we can find the steady state expression of N:
From equation (1) we have the expression of (K) (4), we get the expression of the discount factor: 
Calibration of the model parameters:
The parameters of the model are calibrated, partly according to earlier studies related to the French economy, and partly according to our estimations. The parameter  corresponds to the share of labour in the French output. Depreciation capital rate is equal to 0.0125 per quarter. From the chosen value of  (0.9929), we obtain a real interest rate equal to 0.0071.
The others parameters are calibrated basing in our estimation:
The trade balance average is calculated from our data, we reported it to GDP because of negative values.  is drawn from the expression of n at the steady state, we obtain a value of 1.8246.
The parameter sg is obtained basing in our data by making the ratio between the expenditure average and the GDP average, its value is equal to 0.30.
We retained a value of N = 0.20 as an average of hours worked.
Calibration of stochastic process:
The parameters which characterise the properties of the stochastic process of the model are determined by the estimation of an autoregressive process of order one (AR (1)) of the imported energy price and the Solow residual.
The calculation of the Solow residual is carried out in the following way: The Solow residual, also called total factor productivity (TFP) is obtained by dividing the Gross Domestic Product by the factors of production contribution (Capital, imported energy and labour).
( , , )
Calculated TFP is then taken in logarithm and filtered according to Hodrick-Prescott method, finally we estimate an autoregressive model of this form:
Imported energy price shock is estimated according to the following equation:
In deed, the energy price is transformed to logarithm, and then filtered and finally regressed in an AR (1) model.
To summarize, we expose in the table above the various parameters of the model: 
The simulation Results
To solve the model and to make ours stochastic simulations, we use the mathematical Software Matlab 8 and the programme Dynare 9 -a pre processor and a collection of Matlab routines (Juillard 2003)-. These routines enable us to linearize the model equations around the steady state equilibrium; thereafter we could simulate the model and determine the effects of exogenous shocks on the main economic variables of the economy.
Impulses response functions of the shocks
In this part, we analyze the effects of the two shocks on the economic variables of the model. We use the same specification and the same parameters of the theoretical model in order to asses the effect of a 1% stochastic impulse on the macro-economic aggregates variables, and to analyze the response of these economic variables to these impulses. The occurrence of an energy price shock leads to a reduction of the energy uses as a production factor. This fall of energy utilization determines the answer of the capital factor, considering the complementarities of the two factors in the production function; thus the capital decrease and hours worked too.
The impulses responses functions of imported energy price
The raise of energy price leads to an increase of energy imports values which generates the fall of the production, consumption and the investment as shown in the figure n°1 above.
Another effect of energy utilization fall, concerns the decrease of the marginal productivity of the domestic capital, which generates an increase in the foreign titles purchase. This effect combined with that of the increase in the value of the imported energy generates a deterioration of the external balance position of the country.
To summarize, an energy price shocks, conduct the French economy to a recession, which consolidate the economic theory predictions on the harmful effects of energy shocks. The effect of a productivity shock is the same as it was described in the RBC models. In deed, a temporary increase in the TFP causes a health effect which generates an increase in consumption and present leisure, moreover and through the smooth mechanism of consumption; this wealth effect affects in a same way the future consumption and leisure.
In other hand, the raise of TFP increases the wage rate and causes a substitution effect which generates a decrease in leisure. The global effect on labour (leisure) is positive (negative) in short term. The increase in the future consumption causes an increase in saving and investment too.
The increase of production generates an increase in public expenditure, which increases even more production and factors productivity and thus stimulates the propagation mechanism described before. Now the increase in TFP will cause a substitution effect between the foreign assets and the domestic capital which generates a trade balance deficit (a fall of foreigner bonds sells). The domestic capital increase drops its income which encourages residents to replace it by foreign assets. So, the domestic capital will return to its steady state value.
To summarize, when a productivity shock occurs, the domestic activity increases via an increase in labour supply. This increase in the production, is partly consumed, and partly invested. Thus, as one could note it from the diagram, hours worked, consumption and investment react pro cyclically to a technological shock. The imported energy, as a complementary factor of production, will increase following the production evolution. The comparisons between statistical moments resulting from the quarterly data and those drawn from the theoretical model can be carried out following the simulation of the model. The above two tables expose the principal results.
The comparison between simulated moments of order two and those extracted from data
We note that the variability of the various aggregates is relatively well performed by the simulated model. However, this variability is slightly lower than that resulting from the data especially for consumption, investment and hours worked.
The classification of the relative variances of consumption, of investment and of output is well reproduced. We know that, in the facts and in real business cycle models, the production is more volatile than consumption, consumption is often less volatile than investment. This classification is well performed by our simulations. However the relative variability values of these aggregates variables are lower than those resulting from the data. Concerning the last characteristic on which RBC models are based, i.e. the persistence measured by the auto correlation of order one. We note that, in general, the persistent character of the model is well reproduced except for investment.
Finally, and concerning the correlation of aggregates variables with GDP. We can sustain that the pro cyclical character of investment and consumption is well performed. However, the simulated model is unable to reproduce the contra cyclical characteristic of the trade balance, even when it is considered as a robust stylised fact. This contrast with the stylised facts could be attributed to the competitive market assumption adopted in the model; this result can probably be improved if we extend our analysis to an economy operating in an imperfect market.
2.4.3
Variance error decomposition Through the table above, we can determine the relative contribution of the two shocks (energy shock and technological shock) to the economic fluctuations of the French economy. We note that the effect of the technological shock is more important than that of the energy shock. Indeed, the technological shock contributes to 86% of the French economic fluctuation whereas the energy shock contributes to only 14%. The French economy is thus more vulnerable to supply shocks especially to TFP shocks.
CONCLUSION
In this article, we seek to describe the French business cycle characteristics over the period 1978-2006 using a stochastic dynamic equilibrium model. Indeed, in a DSGE model of a small open economy describing the French economy, we exposed the stylized facts characterizing the French business cycle, and then we compared these facts, precisely the moments of order two, to those resulting from the theoretical model.
The results are relatively satisfactory concerning the reproduction of the stylized facts even if they are far from being perfect; in particular in concern with the trade balance, so in order to improve these results new assumptions should be introduced into the model. We can for example include assumptions on the international capital market.
The project of this paper consisted also in studying the effect of two shocks-energy shock and technological shock-on the French economy activity. The evaluation of the responses impulses functions of and the variance decomposition reveals a more important vulnerability of the French economy to technological shocks than to imported energy prices.
This result deserves more deepness in future work. We could extend this models in various directions, by introducing new theoretical assumptions (several goods, several sectors, imperfect market), by integrating new shocks... These new assumptions would enable us to deduce more reliable conclusions.
